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This application claims the benefit inder 35 U.S.C. 1 !9(e) of U S 
Provisional Patent AppUcation SN 60/023.883. filed on August 12. 1996 ' The 
plication is also related to ccyf«iding applioiion SN 08^08,097 entitled 
Methods ar^De.'icesforDermngauiMokmg Tissue, ^ fUcd on Septanbe 
1994. which application is herein expitssly inonporated by reference. 



Backwrninri «f fly fnVfl 



This invention relates to methods and devices for nwking and defining 
particular locations in body tissue, particularly human tissue; and more 
particularly relates to methods and devices for permanently defming the location 
1 0 and margins of lesions daected In biopsy cavity walls. 

It is desirable and ofien necessary to pcrfbnn proceduies for detecting, 
sampling, and toting lesions and other abnomialities in the tissue of humans and 
other animals, paniculariy in the diagnosis and treatment of patients with 
cancerous tumora, pre-maligiart conditions and other diseases or disorders. 
Typically, in the case of cancer, when a physician establishes by means of known 
procedures (i.c palpation. x<ay. MRI, or ultrasound imaging) that suspicious 
ctreumstances exist, a biopsy is perfbmied to determine whether the cells are 
cancerous. Biopsy may be an open or percutaneous technique. Open biopsy removes 
the entire mass (excisional biopsy) or a part of the mass fincisional biopsy). 
Percutaneous biopsy on the other hgnd is usually done with a needle-Uke 

instninient and may be dther a flrie n»drc aspimion (mA) or a core b^^ In 
FNA biopsy, very small needles arc used to obtain individual cells or clusters of 
cells for cytologic caminatioa nTcoells la^' be prepared such as in a 
Papanicolaou (Pap) smear. In core biopsy, as the term suggests, a core or 
fiagment of tissue is obtained for histologic exammaiion which may be done via a 
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frozHi section or paraffin section. 11^ rhi^f aiik^-. l 

W«n«vi,rt,. • Vu '^^^*^S«ncebct*wenmA and core 

biopsy « the aze of the c^sucsaniplctate. A r«l time cr near real thne 

•magwg sj^ having st«to^ic capabilities, sud. „ the st^ 

guidancesystcnidescrifaediiiU.S. Paienthk) 5 240on !o . . 

. ^.2*0.01 1. IS enqjloycd to guide die 

extraction insoumeni to the le^irm aa.^^ e^*^ uc 

mimeniio me taioa -AdvarHageous methods and devices for 
Perfomiine «« biopsies are described in the assignee's U.S. Patent No 
5,526,822 and copending patent applicaticns SN 08/386, 9il fUed on PAn»^ 

May 13, 1996. All of these patents and appUcations arc herein exp«ssly 
inctMporatod by refcrenoa 

Depending upon the pcoccd^ being performed, it is sometimes desirable 
to completely remove suspicious lesions for evaluaUon, nWIe in other instances 
■t may be desirable to ^move only a san^leftom the l«ion. In the fonner case 

a a^yor problem is the ability ,0 define the margins of th: lesions at all times ' 
dunng d« extraction process. VmbiJity of d« lesion b>. the imaging system 

may be hampered because of the distortion a«ed by the cxtmaion process 
Itself as well as associated bleeding in the surrounding tissues. Although the 

lesion IS removed and all Huids are continuously aspirated botn the extinction 
site. It « likely that the process will "cioud" the lesion, thus impairing exaa 
recognition of its margins. This makes it difficult to ensure that the entire 
lesion will be removed. 

Often, the lesion is mendy a caldfication derived ftom dead abrmnal 
Ussue. ^^ch may be cancerous or pre-cancBous. and it is desu^^ 

only a sample of the lesion, rather than the entire lesion, to evaluate it This 

IS because such a lesion aoualiy serves to mark or defme the location of 
adjacent abnonnal tissue, so the physician does not vwsh to reoK^ th^ 
lesion and thereby lose a critical means for later re-locating the affected 

tissue: On^ofthe benefits to the patient fi^ core biopsy is that the mass of 
the assue taken is relatively small. Howevrr. oftentimes, either inadvertently 
or because the lesion is too small, the entire lesion is removed for evaluation, 
even though it is desired to remove only a portion. nien..if subsequent analysis 
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tndicato tiic tissue to be malignant (malignant tissue requins removal days or 
weeks later, of tissue arDund the immediate site of the original biopsy) it is 
difficult fer the physician to daemrine the precise location of the lesion, in 

o«te to perform necessary additional procedures on adjacent potentid^ 
cancerous tissue. AdditionaDy, even if the lesica is found to be benign, tha« 
will be no evidence of its location during fiaure examinations to mark the 
location of the previously nanoved caldficaiion so that the affected tissue may 
be carcfiilly monitored for fiaac reoccunences. 

Thus, it would he of considerable benefit to be able to permanently mart: 
the location or margins of such a lesion prior to or immediately after removing 
or sampling same. Marking prior to removal would help to ensure that the entire 
lesion is excised, if desired. .Altonatively, if the l«ion inadvertenUy 
removed in iu entirety, marking the biopsy site immediately after the pix«edure 
w«juld enable rwstablishment of its location for flnure identification. 

A number of procedures and devices for mailcing and locating particular 
tissue locations are kixwn in the prior ait For example, location wire guides, 
sudi as that described in U.S. Patent No. 5221.269 to Miller et al, are vvcll 
known for locating lesions, particulariy in the breast. The device described by 
Milla comprises a tubular introducer needle and an attached wire guide, which 
has at its distal end a helical coil configuration for locking into position 
about the targeted ksioa The needle is introduced into the breast and guided 
to the lesion site by an imaging system of a knovm type, for example, x-ray, 
ultrasound, or magnetic resonance imaging (MRI). at which time the helical coil 
at the distal end is deployed about the lesion. Then, the needle may be irmoved 
from the wire guide, which nanains in a locked position distally about the lesicr 
for guiding a surgeon down the wire to the lesion site during subsequmt surgery. 
While such a location system is eflfectm!. it is obviously intended and designed 
to be only temporary, and is removed ooce the surgery or other procedure has been 
completed. 

CXher devices are known for maridng external regions of a patient's skiit 
For example. U.S. Patent No. 5,192,270 to Cais«d!. Jr. discloses a syringe which 
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d«P««acoJor»ttogiveavi^ 

the ptMrt at vvhidi an injectiOT ha or will b. onx-, c- -i 

5i47imt n, f*'""**^"'«BJvaL Similaiy. us. Patera No. 

5.147^ to auck discloses « <levice M«ch has pattaning elements for 

5 LIT' '^ '^'^'^^^^ siding the location of an 

mjco^onortheWc. It is also kno^n to tape or otherudse adhere a snu]] 

bnast w order to delmeateihe location of skin caldfiartions (see Homer ct 
al, The Geog^c Ouster cf MicracdcrficcMiom of the Br^, SlCgay. 
Ovngoln p v ^ Oh ^r mir r, mS). obviously, w^r. none of these 

t u ^^aroaches are use&l for marking and delineHttn*7 im^oi 

«ujuiig dnu uciineaiing internal nssue abnomBiities, 

such as lesios or tumors. 

still another approach for marking potential lesions and owm of the 
breast « described in U.S, Patent No. 4.080,959. In the described piocedur^ 

the skin of the portion of the body to be evaluated, such as the breasts, is 
coated with a heat sensitive color-n^ponsive chemical, after which tiiat portion 

of the bodj. is heated with penetrating radiaUon such as diathermy. Therv the 
coated body portion is scanned for color chanacs v^Wch would indicate hot spots 
beneath the skin surfece. TTiese socalled hot spots may repr«e« a nimor or 
lesion, which does not dissipate heat as tapidjy because of its relativdy poor 
Wood circulation (about 1/20 of the blood flow through rwnnal body dssue) 
TTiis method, of course, functions as a temporary diagnostic tool, radier than a 
pcnnanent means for delineating the location of a tumor cr Icsioa 

A method of identiiVing and treating abnomial neoplastic dssue or 
paftogens within the body is described in US. Patent No. 4.649.151 to Dougherty 
etal. In this method, a tumor^d<aive photosensitiang drug is imroduccd 
imo a patient's body, ^ it « cleaitd fiom normal tissue faster than it is 
cleared fiom abnormal tissue. After the dmg has cleared nomial tissue bu 
before it has cleared abnomial neoplastic tissue, the abnoimal neoplastic tissue 

may be located by the luminescence of d« drug within the aonomuil tissue n« 
fluorescence may be observed with low imensity light, some of whidi is within 
the drug's absorbance spectrum, or higher inte»ity light, a portion of whidi is 
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not in the dmgfs absorbance spccmm Once detected, the tissue may be 
desimy-cd by further application of higher intensity light having a fbq^^y 
within the absc)rt«x«spectnTO of the dni^ Of come, this method also is only 
a temporary means for marking the abnonnal tissue; si«; eventually the dmg will 
dear even the abnonnal tissue. Additionally, once the abnonnal tissue has 
been desDwed during treatnent, the maritcr is destroyed as well. 

It is also knoNvn to employ bioconipaiibie dyes or stains to mark hnast 
lesions. First, a syringe containing the colorant is guided to a detected 
lesion, using an imaging system. Later, during the extraction procedure, the 
surgeon harvests a tissue sample fiom the stained tissue. Howe^-er, ^vfa^le such 
staining techniques can be effective, it is difiicuh to precisely localize the 
siain. Abo. the stams are difficult to detest fluoroscopically and may not 
always be pernianent. 

Additionally, it is known to implant maricere directly into a patient's 
body using invasive surgical techniques. For example, during a coronary artery 
bypass graft (CABG). >»4,ich of course constitutes open heart surgay, it is common 

piattice to surgically apply one or nwe radiopaque rings to the aoita at the 
site of the graft. This enables a practitianer to later return to the site of the 
graft by idemifying the rings, for evaluathre purposes. It is also common 
practice to mark a surgical site with staples, vascular clips, and the like, for 
the purpose of future evaluation of the site. 

A technique has been described for the study of pharyngeal swallowing in 
dogs, which involves pomanently implanting steel marker beads in the submucosa 
of the pharynx (S.S. Kramer et al, ^ Permanent Raiit^ue MFker Techmgw/or 
Study of Phao^nggd Sy^lowirtg in Dogs, D^is^ l,pp. i63.,67^ 

1987). "n^ article posits that the radiographic study' ofthesenattar beads 
during swallowing, on tnany occasions over a substantial period of time, provides 
a better understanding of the pharyngeal phase of degluitition in humans. In the 
described technique, the beads were deposited using a metal needle cannula having 
an internal diameter slightly smaller than the beads to be implanted. When 
suction was applied to the cannula, the bead sat firmly on the tip. Once the 
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balkipped cannula ^-^^^ii.s.c^^^^i^^ 
releasmg Jhe bead, and the cannula withttawn. 

is needed is a n«hod and (te^ 
'"?^g potentially pcm»n« „^e« at fte situs of ^ 
abnonna. tissue, for the purpose of defining the nux^ins of a ]«ian before it is 
^vedand^orto^tablishitsloc^K^^ ^^^^^ 
should be easy to dq^lpy and easily detected using state of the art i™ 
techniques. * 
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niis invention solves the problems noted above by providing an 
implantable n^g device vmich is designed to perrutaneously d.liv^ p^nnarKnt 
nato to desinsd tissue locations within a paiienfs body, ev^ if the desired 
locatu»« are laterally disposed reladve to the distal end of the dclivoy 
device, as is the case for conduit or cavity y^h. The device allo^vs the 
phv^cian to accurately position and deploy a ladiographic dip at the site of a 
biopsy. This provides several advantages to the physician in diagnosis and 
management of tissue abnomialities. such as a means of localiation of a tissue 
abnormality for follo^^tp surgical tr«tnu«, and a means of tissue abnonnality 
site .denirficaiion for purposes of ongoing diagnostic foUov^up. It may also 
f^^ inadvenert repeat bbpsy of a lesion if the patient to move or if 
adequate records did not follow the patient The inventive system also 

represents a less traumatic mean, for tissue marking and a re^^ 
duration relative to die standard open surgical method. 

A second aspect of die inventive system comprises a unique tissue marker 
dehvciy assembly, available ftom thej,i«ent assignee. Biopsys Medical. Inc 
TWs assembly includes a radiographic clip that is configured in the form of a 
surgical stapk Also incorporated in the tissue marker assembly is a disposable 
appher. applicr pmvides a flexible tube, deployment mechanism, and squeeze 
handle as a means to advance and deploy the clip to a dssired tissue loaidoo 
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In a first embodimoit of the Invention, a flexible tissae maricer 
introducer is employed. Tl« flewble tissue narker iiflnxJitcr incoq^ 
flexible tube that allo^^ tlic physician id access and deliver the tissue marice- 
through a cassette housing on die biopsy probe. Additionally, the introducer 
5 =^°ys a <fistal tip ran^) fcati« >vhich enabks the tissiie 

laterally out of a laterally feeing sample notch at a distal end of the biopsy 

probe, so that the tissue marker can be fixed to die side ^vaJl of the tissue 
cavity. One important inventive feature is the inclusion of an crientation mark 
on the hub of the introducer to allow the physician to obtain the desired 
10 placement position at the biopsy site. 

In a second embodiment of the invention, a rigid introducer is utilized 
rather than a flexible introducer, so that the biopsy power cHver and pttibe is 
not necessary to provide a rigid fixed position access channel for the maricer 
deliv«iy system. This embodiment is particularly useful when the biopsy power 
driver and probe being used is too small to accommodate the aforemcndoncd 
flexible introducer, and an alternate access and dslivay means is required. The 
rigid introducer of the invention may be utiiized with or without a distal end 
rarrip feature, depending upon whether latenl deployment of the marker is 
required. 

TTic invention, together with additional features and advantages dioeof, 
may best be understood by refoence to die following description taken in 
conjunction with the accompanying illustrative <fcawing. 

Brief Dpsrrinrton of the Tit^wriw 

Fig. 1 is a perspective view of a first embodiment of the invention, 
illustrating an anangemoit for ddiyering and deploying a tissue marker through 
a flexible introducer, utilizing a motor-driven biopsy probe of known 
cons&uction as an access conduit; 
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Fig. 2 is a perspective view similar lo Fig 1. wherein the driver 
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of the motorsWvcn biops>' Pobe has b« deleted in ooler to better isolate fte 
flexible irtraducer and tissue narka ^lier; 

Fig. 3 is a side elevationaJ view of the flexible introducer and tissue 
marker applier iUusirated in Figs. 1 and 2; 

Fig. 4 is a Qoss-secticnal view of the distal end portion 4^ of the 
flexible introducer tilusttated in Fig. 3: 

Fig- 5 is a perspective view of a second embodiment of the 
invairion, illustrating an anangement for delivering and deploying a tissue 
marka throu^ a rigid introducer, 

Fig 6 is a cross-sectional view of a one-piece marking device 
constructEd in accordance with the principles of the present invention; 
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Fig. 7 is a crass-seaional view similar to Fig. 6. illustrating the 
piece maridng device as the marker thereof is being pulled back against the 
forming die for partially closing tiie maker, and 

Fig. 8 is a ODss-sectionsl view similar to Fig. 7. illustrating die 
marker as it is separated from the remainder of die marking device and deployed 
ip mark a desired tissue site. 

Refemng nofw mote partiailady to Figs. M. a fin!t anbodiment of an 
introducer 10 (best seen in Fig. 3) for delivering tissue marker 12 (Fig. 4) to 
a wall 14 of a biopsy cavity 16 is ilhjstratcd As discussed in related 
application SN 08/308.097, tissue marte 12 are preferably coniprised of a non- 
magnetic radiographic material, and are prefaably constructed in the form of a 

8 
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Clip, or surgical staple, to fecilitaie attachment to the tissue they are 
uitoufcd to ideaify and to pn,vkfc an easily 

mtstako, for another lesion. In the prrfarcd embodin«m. the maxinani widU^ 
ussiie maikff 12 is within a range of ^matdy .030 i«te -.050 inches, and 
preferably about .039 inches (1 mm). To place the marker 12 al a desired tissue 
location, a biopsy power driver and iHobe 18 isprefaabiy used, such as the 
MAMMQTOME* pov^r driver and pobe maraifectured and sold by Biopsys Medic 
Ina,ofIndM^CaIifcniia, the assignee of the present ap^^^ As 
described, for exampl,- in U.S. Paent No. 5.526,822, previously incorporated 
herein by reference, the biopsy power driver and piobe 1 8 comprises a driver 
housing 20, a hollow outer piercing needle 22 having a distal piercing end 24, 
and a tissue cassette housing 26. The hollow outer piercing needle 22 includes a 
lateially facing tissue receiving port 28 near its distal end. Th: biopsy power 
driver and probe 1 8 b operated to obtain a tissue sample by faa moving the 
distal piodng end 24 of the needle 22 into position to pierce the lesion or 
selected tissue which is to be sampled, using a known imaging device, such as a 
stereotactic imaging unit. n«n. a vacuum may be drawn through a vacuum pott 30 
(Fig. 1 ) of the tissue cassette housing 26, and through the hollow needle 22 to 
create a negative pressure condition at the tissue receiving port 28, thereby 

drawing tissue into the pon, whct« it is severed by an inner cutting c^^^ 
capniTC a tissue sample. The tissue that is captured within the inner cutting 
cannula is transported praximally in an intact fashion by retracting the cuning 
cannula (not shown) rearwardly. preferably to a slot 32 (Fig. 2) in the tissue 
cassette housing 26. A plurality of tissue samples, fiom diflfaem orientations 
in the vicinity of the tissue receiving port 28. may be obtained without 
withdrawing the needle 22. 

Once the desired tissue samples have been captured, thereby creating the 
biopsy cavity 16. it is often desirable to accurately position and deploy a 

jwmanentmaitar at the site of the biopsy. This provides several advantages to 
the physician in diagnosis and managemettt of tissue abnorraaliues. For example, 
suitable peTTTianem maricing of die biopsy site i«md« a m«», ft,, 
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the area of a tissue abnonmlity foUo«^,, aigicai 
the biopsy 
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abnormalny s«c idertificaUon for the purpose of ongoing diagnostic follo«Mip 
To >n^lant a maritex in the cavity ^valk 14. h^c, r«,uircs a marker delivery 
system v*ich pcnnits accurate lataal discharge of the marker. 

TTk present invadoa is particularly advantageous in that it utilizes 
the lumen of the hollow outer picrcir^ needle 22 as the marker delivery conduit 
-nius, subsequent to the biopsy procedure, while the prxjbc 34 (Fig 2) is still 
inserted widiin the patients body at the biopsy site, it may be utilized s a 
fixed position, rigid, annular conduit for delivery and d^lqyment of the tissue 
markerI2. feet that the probe 34 never leaves the biopsy site ensues 

accurate delivery of the maricer to the cavity 16, ^Ic also pn>viding a less 
traumatic and quicker tissue marking process than the standanl open suigical 
methods. 

With particular reference now to Rg. 3, the flexible introducer 10 of 
the present inv«tion is illustrated. The introducer 10 comprises a flexible 
rube 36 having an opening 38 adjacent to its distal end and a hiib 40 at its 
proximal end. As illustrated in Fig. 4, a plug 42 is disposed at the distal end 
of the flexible tube 36, which plug inchjdes an angled, sloping lanp 44 on a 
proximal end &ce thereof The flexible tube 36 of the flexible introducer 10 is 
adapted to receive a flexible tube or deployment shaft 46 of a disposable tissue 
marker apphcr 4«. "Hic applicr 48 comprises a squeeze handle 50 on its proximal 
end, whk* has a ring 52 to which is atlBdied a pull wire 54. "Hk pull wite 54 
extends through the lumen of the deployme&t shaft 46, and is attached at hs 
25 distal end to the marker 12 (Fig. 4). 

To deploy a marker 12 into the cavit>' wall 14, the flexible tube 36 of the 
introducer 10 is inseted into the hollpw needle 22 of the probe 34 throu^ the 
tissue cassette housing 26, unUl the hub 40-afauts the tissue cassette housing 
26, as illustrated in Figs, i and 2. Once fully inserted, file hub 40 is ixjtated 
by the physician until an indexing made cr notch 56 (Fig. 3) is properly 
oriented, thoeiiy ensuring that the introducer 10 is drcumferentially aligned 
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within the probe 34. 

Ate the flociWe tube 36 of the ^le^dbie introducer 10 has been 
insotol into the probe 34 and po^y orie«c4 in the 

the tissue marker appJier 48 may be advanced into the iuHKn of ^ 
« illustrated in Figs. 1 and 2. so thnt the di«al end thereof exits the 
notch 38 and tissue receh^g port 28, extending into the cavity 16 
(altematively. the applier 48 may be first in««ed into the indixiucer and 
then the introducer may be i^ertai into the probe 34Jfdesi«iX Aninpcriant 

aspect of the invention is the use of the ramp 44 to direct the flexible 
deployment shaft 46 radially out^va^dJy from the notch 38 so that the marker 12 
du^posed at the distal end of the shafl 46 may be laterally oansponed to the 
cavity .vaU 14 for placemeat Once the marte 12 is disposed at a d«i,«l 

rnarking location, the squeeze handle 50 is squeezed by the phvsidan so to 
pull ^«^e 54 is r«racted by the squeezing motion suffidenUy to break the pull 
wire, thus releasing the maricer 12 for imphntaiion into the target tissue 14. 

Once the marker has been implanted, the flexible deployment shaft 46 may 
oe withdrawn from the introducer 1 0 and disaided, ;*lulc a new applier 48 is 
inserted into the introduxr to implant a second marker. As many marken as 
desired be implanted, following which the hub 40 may be counter-rotated 90- 
270 degrees and the entire probe 34 withdrawn from the patient. If it is desired 
to mark various locations about the cavity wall 14. the probe needle 22 may be 
rotated between marker implantations to change the orientation of the tissue 
receiving port 28. using the thumhMieel 58. Additionally, the axial position of 
the port 28 may be adjusted, if desired. 

Refcning now to Fi& 5, a second embodiment of the inventive introducer 
mechanism is iUustrated. In this embodimertf, like elements to those of the 
first embodiment are designated b>. like reference numerals, followed by the 
letter a. ^ _ 

Tl« significant dififertnce between the fint embodiment, tliusirated in 
Figs. M. and the embodlmfint of Fi^ 5. is that the introducer lOa is rigid, 
rather than flexible. The flexible introducer 10 of the first embodiment is 
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d» flexible 3« i« ux, tase „ ^ ^ 

TTierefore, the second embodiment has been develonM •« . 

. , "^'opw 10 provide a stand alone 

access device for imrodticing the tissue maricer applier 48a. 

^ "Sid 10a illustrated in 5 con,^ 

having a p.en:ing discal end 60. a distal laterally fedng opening 38fl. and a 

ranp62. Since, ir Ais cnd^din^nt. the inooducer is not ddive^d t^^ 
another access device, but rate is isdf an access devio^ it is ^^^^ 
loaded onto a, introducer needle mount 64. so that the shaft 36a is disposed in a 
shafted 66 of the nxxrt 64. and hdd in position by n^ns of 

68. ^ '>'''P^ P«*«^ driver 18 are rem^ta the imagines^ (not 
shovwiX typically a stereotactic table available &om Fischer Imagira'nu, or 

fiT)ml«ad,Inc Probe guide holder (not sho^) is replaced by the loaded 
>nu«Jucer needle HKHint 64. TT^ introducer is then advanced to the desired 
tissue sampling site; following >^ch the tissue marker appiicr is inserted 
through the introduoer cannula to an appitjpriate depdi marie ,o allow the distal 
i.p d>p to extend over the lamp 62 and to e«axl later^ly sufficiently & to 
p.c.«Ussue handle 50a is the««p^ in the n«nna discussed su«^ 
deploy the distal tip clip 12. -men. the disposable applier is removed 

Altenativdy, the introducer 10a may be utilized without toe ramp 62. in 
the case where lateral placement of the marker with respea to the introducer 1 Oa 
is not requirtd 

A particularly advantageous embodiment of the present invention is the 
employment of a one-piece marking element 70 (Figs. 6^ comprising a maricer 12b 
and a marker closing ribbon or pull wire 54b which are comprised of a single 

12 
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picceofwirt I" this paiticijlar marker aitodiment. Ae single pi^ 
elemoK 70 is prefenbly fabricated of a single piece of sheet miterial, ideally 
using a photochemical etching prxess to eliminate any fthrication and thermal 
stresses fiom being irtrodjced into the part The single-piecc element is 

fabricated such that a «^ spot or &Iure poim 72 (Fiss. 6-7) is dispo^ 
location on the marking dca««t whidi win break at a predetennine^ 
the legs 73. 74 of the maiker have closed down and gripped the tissue to which the 
marker I2b is to be anached. Tlius. as illustrated in Figs. 6-8, a forming die 75 
is provided which is disposed proximally of the marker portion 12b of the single- 
piece marking element 70. TTie failure point 72 is disposed betv^en the lorraing 

die 75 and the marker 12b, ai the distal end ofihe pull wire 54b. Todcploythe 
maiker 12b into the target tissue, a pulling forc is appUed pmximaliy to the 
pull wire 54b, in the direction shown by am>w 76. TOs pulling foree may be 
applied, for example, by a squeeze handle 50 like that shown in Figs. 1-3 and 5, 

or by some other means. This proximal pulling force causes the maricer poftion' 
12b to travel proximally to a point where it in^scts the distal end of the 
fcrming die 75, as Uluatratcd in Fig. 7. Continued proximal pulling forces on 
the pull wire 54b nawlts in closure forces being applied against the legs 73, 74 
of the marker portion 12b. Ultimately, as ilhistrwed in Fig. 8, continued 
applkadon of a proximal pulling force on the pull wire 54b will result in 
breakage of the pull wire 54b at the feilure point 72, so that the marker 12b 
becomes separated therefrom, with the legs 73, 74 of the marker being closed upon 
the tissue desired to be marked. 

While the inveitivB nwking dement inay be round in ooss-section. in itt 
prefisTBd embodiment, the marking element 70 is febricated of rectangular stock. 

which has been clamped at each end and twisted along its lengfli The im^entore 
have round that, absent the twistmg siep. the sharp edges of the rectangular 
stock tend to snag against the skies of the tube 46 (Fig. 3) as it is being pulled 
therethrough. Twisting, on the odia hand, has been found to soften the edges of 
the stock sufficiently to ease passage of the pull wire 54b through the tube. 

While this invention has been described with respect to various specific 



13 



02- 16-99 Tl^ il:40 FAI 



W09g/VO4« 

examples and Bmbodimcms, it is to be undastood that (he invemioa is not 

l^^ted th«to and that it can be varic^sly pcactfc^ 
followjng claims. 
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^Mat b daiiaed is: 



5 



A on^piece marking apparatus for defining a particular tissue 
locat]Qn» coarfxiskig: 

a marker element; and 

^ P^J having a distal end and a praxin«l end, the n^ricer dement 
bemg attached to the distal end of the pull wire; 

wl«rein the marker clement and the pull wire ^ comprised of a single 
piece of sheet material. 

2. The one-piece marking apparatus recited in claim 1. and fiirtha- 
comprising a fomung die disposed proximally of said maker dement, the marker 
element comprising first and second legs and the fonringdic comprising foa and 

second forming faces corresponding to each ofsaid first and second legs such 
that when said pull wi,« is pulled in a proximal dirmion. said first and «5cond 
legs are pulled pioximally against said first and second fomnng faces of said 
forming die. 



3. The onepiece marking apparatus recited in claim 2, and further 
comprising a pred=signed failure point disposed in the distal aid of said pull 
wire, just proximal to said marker dement, ^vherein when the pull wire is pulled 
a proximal direction, said first and second legs are pulled proadmally against 
said foa and second fomiing fiu« such that said le^ close inwanfly toward one 

another, atadiing to acyacent tissue to be marked as they doses the prxiximal 
pulling force on said pull wire causing said predesigned feilutc point to yield 

when said marker dement is attadicd to said tissue so that said marker dement 
and said pull wire become separated from cne another. 

4. The oneijiece marking apparatus recited in daim 1, and further 
comprising a predesigned failure point disposed in the distal end of said pull 
wire, just praximal lo said marker, said failure point bdng adapted to M 
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P^^^njuied pulling force on said pull wire. 

single piece of sheet material comprises iwangular stock. 

6| '"'•P'"^^ W»>^ -tcited in dain, 5, 

rectangular stock is twisted 

"^"^ " ^•^■'^ said 
marker element has a width of less than 0.1 inchss. 

8 ^ one-piece ^addng apparatus «dted in Claim 7. w^^^^ 
marker clen«t has a maximum «idth within a range of .03(>-.050 inches. 

9. A.TKdK.dofmakingamaridngappar«usfordeSningapani^^^ 
tissue location, comprising the steps of: 

I»^^g a «ngte piece ofshed arterial having a pmximal end and a 
Olstal end; 



and 



farming a maricer element having fet and second legs on said distal end; 



providing 8 predesigned ftiiurc point in said sheet material just 

proxmial to said marker, said firilure poim being «ginee«d to M w^ 
predetermmed pulling force is applied on the proximal er^ of saidsingle piece 
of sheet material. ther*y separaring the marka element fiom the remainder of 
the marking af^^aratus, 

K 

10. "nw method of making a marking apparatus as recited in claim 9 
^Mle^em the step of pn^ding asingle piece of sheet material includes providing 
a Single piece of rcctangul w stock. 
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11. The method of making a raaricing apparatus as rcdtod in claim 10 
and fi-thcr comprising the step of clamping the single piece of rectangular stoci.' 
at both ends and twisting said rectangular stock. 

12. ■n'«n«hod of maldng a marking apparatus as recited in claim 9 
the step of prcn^dlng a single piece of sheet material includes the step ' 

of using a photochemical etching pnx«s to fabricate the one^ri^e marking 
apparatus. 

13. A device for marking a particular tissue area >vithin a body to 
.danify said particular tissue area for a later diagnostic or therapeutic 

iuTCt comprising: 
a marker clement; 

an aoDaratus for remotely delivering said marker dement fiom outside the 



body to the partoilar tissue area, coinprising an introducer having a tube 
^tosn the tube has a lumen, a distal opening and a proximal hub. 

14. nic device for marking a particular tissue area as recited in 
claim 13, the apparatus for remotely delivering said marker element fiirther 
comprising a flexible mariccr dement applier. 

15. lite device for marking a particular tissue area as recited in 

. claim 14. the flexible marker elemem applier comprisi,^ a flexible deployment 
shaft having a lumen, a distal end, and a proximal end. 

16. device for maridng a particular tissue area as recited in 
claim 14, and further comprising a bardie on the proximal end of the flexible 
dqdoyment diaft. 

17. The device for marking a particular tissue arw as nxhEd in 
claim 16, wh™ fte flexible marker element appKer further comprises a pull 

17 



02' 16 *98 TLE II: 41 ¥.\1 



wire attached to said handle, the ^vhe ote^ 
said flexible deploymat shaft, a disml^Trf! m 

ft™ U exattd by th» hmdie on aid pg|, ° '*°»'™' '"^'"'e 

cta 17 ,a.d a ta^ ^ ^ 

-^l.yas<^«i„8B«i„„«,««.^ 

said pull vviic exerted on 

19. The device for maricing a pania,!^ tissue ar« as 

dajnil 7. wheran the marker elemott and the pullvvire are C3m«ri.«^ f ■ , 
piece of sheet material. " ^«arecompr«^ of a smgic 

claim , f rrT"" ' "^^^ ^^^^in 

cb.m 19, and funhcr comprising a fbm^ng die disposed pn«imally of said marker 

^"^'"^ «d second les. L fom^X 
first and second fon^g f^^s ^ ^ ,,,3., 

^ iegs, such that >^ said pall Nvixe is pulled in a proximal di;«:tkM, 
sard fin. and second legs a« pulled proximaDy against said fiist and second 
fonnini 6ccs of snid foming die. 

, 21. ■n»«cei<>rnBikinj.pmiate,ia„e^„^^j_^ 
cta,m20,«lii«te.c„,^.p^i^j.^^ ^ 

o,ffll «1 of »iJ pi) j„ „ ^ 

M » M=d ^ a said ^ ,^ J" 

Nlcd Penally fi^ ^ ^ j,^^ ^ ^ ^ 

c OS. mwnay ,o>«^ "««tar. ,^ „ * 

fcte pom, u, yidd »h«, ™rt<«r etemem u a^ ^ ^ 

■te said n»Hc« and pjl ™, b«»o scp^d som one »*er. 
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22. The device for maricing a particular tissue area as recited in 
claim ig. and further comprising a predesigned failurt point dispowl in the 

diaal end of said puU >^ ju« proximal tc said n«d«. said 
being adapted to fial, separating said rnarto den«nt fro^ 
apphcauon of a predaennined pulling foree on said pull 



wire. 



23. TTie device formarking a particular tissue area as recited in 
cla.m 19, wheirin said single piece of sheet matmal comprises rmangular 



stock. 



24. "Ite device for natWng a particular tissue area as recited n 
claim 23, wherein said rectangular stock is twisted. 

25. T^e device for maricing a particular tissue area « recited in 
claim 13, wherein said marker dement has a width ofless than 0.1 inches. 

26. "Hk device for marking a particular tissue swa as ledted in 

daim 25, wheran said marte dsnm has a maxirnum width wthin a ra^^ 
.(BO-.OSO inches. 

27. TTw <Jevice for marking a particular tissue area as recited in 
. claim 13, uterein the distal opening on the introduce tube is oriented 
iBtaally. 

r 

28. TTie device for marking a particular tissue area as recited in 

daim 13, wheitan said pKixinial hub inchiics a means for index^ 
cireumferential orientation of the ir^roducex. 

29. The device for marking a particular tissue am as recited in 
claim 15. ^vteein said flexible deployment shaft is insotable through the lumen 
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^™?r„^'" "^"^ • "S" "nul- h»i„, . di^ 

<l«P«ed adjMen, a said pmicula ««, j,,^ ^ 

bcn^ i^^ble to ^ ^ ^ ^ ^ ^ ^ 

op™« lhem>{ iteeby tmrsporting „,a*<r demm lo «id 

tissue 



32. '^'i^ic^fixinaiimgipamaibrtiss^^^^^-^ 
cuu n 31. whoBin said rigid armular concMt comprises a biopsy pou«- driver and 



probe 



33. The device for marking a particular tissue an:a as rtcited in 
claim 30, a«l fisher comprising an anglol disposed at the distal end of the 
flexible unroducer tub^ adjacem .D the distal on 

funcdormig to cause said flexible deployn«nt shaft u, exit the tube distal 

opening m a serially lateral diimitm with tespea to the orientaion of 0^ 
introducer tube. 

34. The device for marking a pahicular tissue area as leciled in 
clam 29, wherein said introducer tube is comprised of a rigid material. 

35. The device fa marking a particular tissue area as ledted in 
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Claim a ^erdn the distal oKi Of said 

and entering said body, sudi that the distal opaiing thereof is disposed adjacent 
to said particular tissue area. 

36. T^e device for marking a particular tissue area as recited in 

claim 35. %vtierM the introducer tube distal 0^ is oriaiied generally 
laterally. 

37. TlB device for naaridng a particular tissue wa as recited ill 
claim 36, and firther comprising an angled tamp disposed at the distal end of the 
incroduco' tub^ atSacent to the distal opening on said tube, said ramp 
fimciioning to caise said flexible deployment shaft to exit the tube distal 
ofxsmg m a generally lateral direcdon with respect to the orioitaiion of the 
introducer tube. 



38. Tte device for maridng a particular tissue area as recited in 
claim 34, and fiather corjyrising an innoduoer needle momt for holding said 
introducer tube as it is guided into the body. 

39. A maricer element appKcr for applying a mariar dement to a 
particular tissue area in order to mark said area for a later diagnostic or 
therqjeutic procedure, oomprising: 

a marker cl eme n t ; 

a flexible deployment shaft having a lumen, a distal en4 and a proximal 

end; 

a handle; and 

a pull wire attached to said handle; the wire extending distally throu^ 
the lumen of said flexible 



< til il^l 

10 attached vo saxi naricer element 




iOIMi 




40. T^e device for marking a particular tissue area as recited 



m 
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cten 39 said handle coa^g ^^t^^^, ^ ^ . 
"^tuaicdlyasqueeztogactic^toca^^ 

said pull wire. ^ 

^^•^^d^'i* for marking, 
PBoe of shea maaial. .v"™ or « single 

=l=n»t a.™^^^,„^g^^^^ ^^^^ 

lee. su* vta s.id pull ™e i, puw |„ , ji,,^ 
sa,d fl« and sccc^J fcgs « puied pm^ly ^ 5^ ^ 
forming feces of said fonning die. 



43. The device for making aparticular tissue area as nxited in 
cUum 42. and firf^ comprisir»g a predesigned fiulur. point disposed in the 
d«t^ e^d of said puU ^r^ ^ pro^ to said n^ker dem«. ^ ^ 
ti« pun wuc . pulled in a pn,Kimal directicr, said fust and second legs ar. 
pulled pr^^mally again« said fust and second fon^ng 6a. such that said legs 

.nwardfy toward one anad«. attaching to ad^ 
^ clo«, the pn,xir«al pulling fbtce on said pull ,^ 
failur. pomt to yield «*en said n,ari« element is attadtcd to ^ tissue so 
that said marker dement and said pull wire bccorne sepan-^ 

44. Ihe device for nBiking..a particular tissue at«a as recited in 
claun 41. and forther comprising a predesigned fiilure point disposed in the 
d.stal end of said pun Wire, jus, proximal to said market, said feilure point 
bang adapted to fall separating s«d mariter element &om said pull wire, upon 



pfodeterminod 
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45. Tlje device for marldng a particular tissue area as rociied in 
claim 41, >vherdn said single piece of sheet material comprises nwangular 
stock. 



46. deWce for marking a particular tissue TO as recited in 
daim 45, wherein said rectangular stock is twisted 

47. Tte device for marking a partictilar tissue area as recited in 
claim 39, wherein said noarker element has a width of less than O.I inches. 

48. The device for marking a particular tissue area as recited in 
claim 47, wherein said maiker element has a maximum width within a range of 
.030-.O5O inches. 

49. A method ofmaridng tissue in a body to idaaiiy a selected 
location for a diagnostic or therapeutic procedure, the method comprising: 

manipulating an introducer tube into said body, so that a distal end of 
the introducer tube is di^ed at said selected location; 

inserting a flexible deployment shaft of a flexible marker element 
applia into a lumen of said intnxiucer tube, such that a distal end of said 
dqjiqyment shaft exits the introducer tube through a distal opening in the tub^ 

pulling proximally on a pull wire extending through a lumen of said 
deployment shaft, the pulling action on said wire causing a maiker element to 
disengage fiom said maiker element applicr and lodge in tissue at said selected 
locattoa 
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